Faculty & Staff Scholarship
2016

Light Interception by Pasture Canopies as Affected by Height and
Botanical Composition
Edward Barrow Rayburn
West Virginia University, ed.rayburn@mail.wvu.edu

Follow this and additional works at: https://researchrepository.wvu.edu/faculty_publications

Digital Commons Citation
Rayburn, Edward Barrow, "Light Interception by Pasture Canopies as Affected by Height and Botanical
Composition" (2016). Faculty & Staff Scholarship. 3205.
https://researchrepository.wvu.edu/faculty_publications/3205

This Article is brought to you for free and open access by The Research Repository @ WVU. It has been accepted
for inclusion in Faculty & Staff Scholarship by an authorized administrator of The Research Repository @ WVU. For
more information, please contact beau.smith@mail.wvu.edu.

Published December 28, 2016

Light Interception by
Pasture Canopies as
Affected by Height and
Botanical Composition
Edward Rayburn,* William Shockey,
Brad Smith, David Seymour,
and Thomas Basden
Abstract

Light interception (LI) by growing plants is essential for photosynthesis and growth. This translates to animal production when
this growth is consumed by grazing livestock. Canopy LI was measured in six pasture systems within three physiographic regions in
West Virginia, across two grazing seasons and a range of pasture
regrowth to quantify how LI is impacted by pasture height (ruler
height [RHt] and falling plate meter compressed height [CHt]),
sward composition, and time of year. The relationship between CHt
and LI was computed as second-order and logarithmic regressions.
The second-order regressions gave slightly greater R2 and lower
residual standard deviations about the regression (SDreg) than did
logarithmic regressions. Canopy LI reached 95% of incident light
when CHt reached 8 inch (RHt of 13 inch) and was affected by
forage density (FD; lb dry matter/acre/inch CHt, a system characteristic), forb and legume content in the stand, and month of the year.
Understanding the effect of canopy height on LI and the effect of
canopy height and LI on management goals will enable producers
to adjust management to better achieve defined animal and plant
performance goals.

Fo r a g e & G r a z i n g l a n d s

Core Ideas
• Canopy height can be used to predict light interception in pasture canopies.
• Pasture light interception is impacted by botanical
composition as well as canopy height.
• Pasture light interception varies across the growing
season as solar altitude changes.
• Producers can use pasture ruler height or compressed plate meter height to estimate pasture
canopy light interception to optimize pasture
management.

esiduals about the regression.

Solar energy powers terrestrial life. Plants, ecological primary
producers, intercept sunlight and using water and carbon dioxide
make simple carbohydrates. These are used to make complex
carbohydrates and with nitrogen to make proteins. Plant tissue is
held together by the solar energy contained in the bonds linking
carbon, hydrogen, oxygen, nitrogen, and other molecules. Animals
consume plants and metabolize this energy and protein for
maintenance, activity, and growth, and are walking solar energy
repositories.
The primary goal in pasture-based livestock production is to
harvest solar energy using grasses, legumes, forbs, and livestock to
convert sunlight into net cash income. To accomplish this goal the
pasture manager needs to optimize the interplay of four biological
functions: interception of photosynthetically active radiation
(PAR), forage growth, forage utilization, and animal production. If
the manager sets a goal to maximize LI it may be at the cost of
lower forage utilization and possibly lower forage quality which
can decrease grazing days per acre and animal production per acre.
On the other hand, if the manager sets a goal to maximize forage
crop, for age
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Table A. Useful conversions.
To convert Column 1 to Column 2,
multiply by

Column 1
Suggested Unit

Column 2
SI Unit

0.405

acre

hectare, ha

0.454

pound, lb

kilogram, kg

2.54

inch

centimeter, cm (10–2 m)

5/9 (°F – 32)

Fahrenheit, °F

Celsius, °C

utilization then animal performance may be reduced as a
result of low dry matter intake and forage production may
decrease due to reduced canopy LI.

1.

An orchardgrass (Dactylis glomerata L.) and tall fescue
(Festuca arundinacea Schreb.) forage variety trial where
the grasses were grown with red clover (Trifolium
pratense L.) and white clover (Trifolium repens L.) as the
nitrogen source. The first harvest was taken for hay
and the aftermath forage was rotationally stocked
(System [S] 1).

2.

Orchardgrass, tall fescue, Kentucky bluegrass (Poa
pratensis L.), red clover, and white clover pastures
fertilized with one of three levels of poultry litter and
managed under rotational stocking with cow–calf
pairs or yearlings (S2).

3.

Dense tall fescue, red clover, and white clover
pastures fertilized with one of three levels of poultry
litter and managed under rotational stocking with
cow–calf pairs (S3).

4.

Mixed cool-season grass–clover pastures managed
under variable, continuous stocking where grazing
treatments were used to maintain pasture canopies at
defined heights (S4).

5.

Mixed cool-season grass–clover pastures under set
stocking where grazing pressure was managed by
varying the acreage available to the herd over the
summer (S5).

6.

Smooth bromegrass pastures fertilized with one
of three levels of poultry litter and managed under
rotational stocking with cow–calf pairs (S6).

Leaf Area Index, Forage Mass,
and Canopy Height
Historically, leaf area index (LAI) has been used to measure
and model LI (Brougham, 1958). The LAI concept is simply
the area of leaf surface, on one side, per unit area of land.
In both grass and legume stands LAI is closely correlated
to forage mass (Wolf et al., 1979; Sharratt and Baker, 1986;
Engel et al., 1987; Trott et al., 1988). Forage mass (FM, lb dry
matter/acre) can be estimated from RHt or CHt (Bransby et
al., 1977; Bryan et al., 1990; Rayburn and Rayburn, 1998) or LI
(Ganguli et al., 2000). Therefore, RHt or CHt should be useful
for estimating LI. Ruler height is the most common method
used by farmers for measuring pasture height. Plate meters
are a less subjective method of measuring pasture height.
These two methods of measuring pasture height are easily
and accurately cross calibrated (Rayburn et al., 2007). The
relation between FM and LAI does vary with species, season,
and (for smooth bromegrass [Bromus inermis Leyss.]) spring
nitrogen fertilization rate (Engel et al., 1987). Erect spring
growth requires higher LAI to intercept the same fraction of
light as short, dense, vegetative canopies.
Having a simple method of estimating seasonal LI on the
farm would be useful to managers. When the goal is to
optimize plant growth the manager may want to optimize
LI during critical growth periods. However, when the goal
is to interseed legumes into a pasture it may be useful
to limit LI by established plants so the legume seedlings
have adequate light for growth and development (Trott et
al., 1988). The relationship between canopy height and LI
in pasture provides knowledge to estimate LI for various
management decisions.

Measuring Light Interception
This study was conducted to measure the effect of pasture
height (measured as RHt and CHt) on LI in pastures in West
Virginia. In some pastures FM, FD, and botanical composition
were also measured to evaluate their effect on LI.
Over the course of 2 years (1996 and 1998) the effect of pasture
height on LI in pastures was studied in six pasture systems:
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The geographical locations for these management systems
ranged across West Virginia’s varied landscape. Locations
for S1 and S4 were at low elevation (800 ft) in the Western
Allegheny Plateau, S2 and S5 were at higher elevation (2000
ft) within the Central Appalachians, and S3 and S6 were at
high elevation (1800 ft) in the Ridge and Valley province east
of the Central Appalachians. Locations ranged from 38.8 to
39.7° N lat. Pastures were sampled across the year (May to
October) to get a representation of the seasonal effect on LI
and across a range of pasture heights representing different
pasture states (morphologies) including pregrazing, postgrazing, and during regrowth. Pastures were sampled to
get a representation of the range of canopy heights present
within the pasture on the day of sampling. Canopy height
was measured as RHt, the measure most often used by producers, and CHt, a less subjective measure of canopy height
(Rayburn et al., 2007). On each sampling day six 18-inch
by 36-inch sample plots were selected within each of four
crop, for age
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pastures in systems S1, S2, S3, and S6, and within two pasture
replications in systems S4 and S5. All measurements were
taken within 2 to 3 h of solar noon to minimize the effect of
time of day on canopy LI measurements due to decreasing
solar altitude from that attained at solar noon.
At each sample plot, light reflectance was measured by taking a PAR reading above the canopy then taking a second
PAR reading with the light meter facing down toward the
canopy. The ratio of these values was used as the measure of
canopy reflectance.
At each sample plot four paired PAR measurements were
taken, first above the canopy to measure ambient PAR and
then immediately at ground level within the canopy to measure PAR near ground level. Care was taken to minimize
disturbing the canopy structure while taking within canopy
readings. The ratio of ground-level PAR divided by abovecanopy PAR was used as the measure of fractional light
transmission. This value was subtracted from 1 to obtain
fractional LI. All PAR measurements were taken with a
Sunfleck PAR Ceptometer (Decagon Devices, Inc.). The four
LI measurements were averaged to give the average LI at
each sample plot.
Due to the length of the light sensor and the fact that the
soil surface in pastures is not smooth, the measurement of
LI represents LI at some height above the soil surface. To
quantify this height, measurements were taken from the top
of the probe to the soil surface at six points along the probe,
at six or more sample plots in the pastures once per year.

Measuring Canopy Ruler Height
and Plate Height
Canopy RHt and CHt were measured at the two ends of each
18-inch by 36-inch sample plot. First RHt was measured by
placing the end of a measuring stick on the ground and lowering an 18-inch-square, 0.22-inch-thick, acrylic plastic plate
meter (Rayburn and Rayburn, 1998) until three of the four
plate quadrants came in contact with the canopy surface. The
height of the center of the plate meter above the ground was
the RHt. Then the plate meter was lowered until its entire
weight (2 lb 15 oz) was supported by the pasture canopy. This
height at the center of the plate meter was measured as the
CHt. The two respective height measurements were averaged to give the mean RHt and mean CHt at each sample plot.
In the first year (1996), at each sample plot forage samples
were clipped at ground level from two 4-inch-wide by
36-inch-long areas using 4-inch-wide electric clippers. These
clipped samples were hand-separated to determine the fraction of grass, legume, forbs, and dead material within the
canopy. Samples were dried at 104°F to determine FM, total
FM, and botanical fraction. Forage density was computed by
dividing total FM by CHt at each sample plot.

crop, for age
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Statistical Analysis

The relations between sample plot mean CHt and LI, CHt
and RHt, and FD and CHt were evaluated using regression
analysis (NCSS, 2015). A data point was the mean of the
measured values within a sample plot; the mean of four LI
values, two RHt and CHt values, and the clipped FM from
within the sample plot. Canopy LI was plotted against CHt
to visually estimate the CHt at which fractional LI achieved
0.95, and only CHt values below this level were analyzed statistically. This was done to prevent using high CHt values
that did not increase LI from biasing the regression analysis.
Regressions were run using CHt and CHt squared or the
natural logarithm of CHt as independent variables and LI
as the dependent variable. These regressions were then run
with the addition of legume content, forb content, and FD as
continuous variables and month and system as discrete variables to evaluate their effect on LI. Regression coefficients
different from zero at a probability <0.05 were considered
significant. Regression models were evaluated for goodness
of fit using the regression R 2 and square root of mean square
error (standard deviation of residuals about the regression,
SDreg).

Light Interception as Affected by
Canopy Height and Composition
In Year 1 (1996) rainfall was above average in all geographic
regions in May, July, and September (Table 1). In Year 2 (1998)
rainfall was near or below average in all regions other than
in June when it was above average. In Year 1 monthly air temperatures averaged near or a little below normal other than
in June when it was a little above average. In Year 2 temperatures were near average early in the year and above average
in late summer across the regions.
Mean probe height above the soil surface differed slightly
between pastures, averaging 1.4 inch in the first year and 1.2
inch in in the second year (P < 0.05). Pasture CHt was linearly
related to RHt based on the following regression (R 2 = 0.91,
SDreg = 0.56, N = 908, P < 0.001):

CHt = 0.64RHt − 0.25
Compared with the regional cross calibration of RHt and
CHt reported by Rayburn et al. (2007), using the plate meter
canopy contact to define RHt, described above, increased
cross-calibration R 2 (0.70 vs. 0.91) and decreased crosscalibration SDreg (0.80 vs. 0.56).
There was minimal PAR light reflection (LR) from pasture
canopies with fractional reflection being 0.06 with a SD of
0.02. Reflection of PAR decreased as CHt increased (R 2 = 0.11,
SDreg = 0.02, N = 1333, P < 0.05):

LR = 0.070 − 0.00215CHt
This small amount of LR occurred primarily at low canopy
heights where light was being reflected from dead forage or
bare soil showing through the canopy. As CHt increased, LR
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Table 1. Long-term and annual monthly rainfall and average daily temperature at weather stations in the three
regions of West Virginia where the pasture systems were located.
Region
Western Allegheny Plateau

Central Appalachians

Ridge and Valley

Weather station county

Monongalia

Preston

Grant

Month

Long-term
avg.
1996

1998

Long-term
avg.
1996

1998

Long-term
avg.
1996

1998

Total monthly rainfall
——————————————————————————————— inches ————————————————————————————————
Apr.
May
June
July
Aug.
Sept.
Oct.

3.5
4.2
4.1
4.1
4.0
3.5
2.9

4.4
5.6
2.6
11.9
1.9
7.1
3.8

3.5
3.6
7.2
1.5
2.9
2.7
2.0

4.8
4.9
5.3
6.0
4.7
3.9
3.5

4.7
6.0
10.9
5.4
4.3
9.5
11.1
4.1
4.8
5.0
8.2
3.9
5.8
2.2
Avg. daily temperature

3.3
4.1
3.1
3.3
2.6
2.1
3.0

1.8
8.4
3.3
7.3
4.6
5.3
3.0

4.6
3.2
4.6
1.6
2.1
1.2
0.7

————————————————————————————————— °F —————————————————————————————————
Apr.
May
June
July
Aug.
Sept.
Oct.

52
61
69
73
72
65
54

53
60
72
71
72
65
53

54
61
69
74
76
68
59

48
57
65
68
67
61
51

decreased to 0.05 or less. This LR was measurable but constituted only a small loss of PAR available for photosynthesis.
During the course of this study ambient PAR measured at
the top of the pasture canopies averaged 97.7 µmol ft−2 s−1
(1052 µmol m−2 s−1) with a SD of 49.5 (N = 1333). Across the
six systems fractional LI ranged from 0.03 to 1.00 of ambient PAR and a wide range in CHt was measured (Table 2).
In 1996, LI plateaued when CHt was 8 inch or greater (Fig.
1A). Over the 2 years LI usually plateaued at a CHt of 8 inch
but at one site it was closer to 10 inch (Fig. 1B). Above a CHt
of 8 inch, fractional LI was predominantly between 0.95 and
1.00. A CHt of 8 inch is comparable to a RHt of 13 inch. As
explained above, only data points with a mean CHt of 8 inch
or less were used in the regression analysis.
The second-order regressions of CHt vs. LI provided slightly
larger R 2 and smaller SDreg values than did the natural logarithm regressions of CHt vs. LI (Tables 3 and 4, Equations
A and B, respectively). A disadvantage of second-order
regression is estimation of the height at which LI reaches a
maximum requires calculation of the first derivative of the
regression function. This calculation is not necessary with
the logarithmic model and LI can be calculated for any CHt
until predicted LI reaches 0.95 or 1.00, as desired by the user.
In the first year both regression models measured the
effect of forb content on LI but only the natural logarithmic
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48
56
66
66
66
60
51

50
60
63
68
69
64
51

52
62
70
74
73
66
55

52
59
71
72
70
65
51

54
62
70
76
73
68
59

model measured the effect of legume content on LI (Table
3, Regressions C and D). When FD, forb and legume content, and site were added to the regression models a slight
decrease in residual SDreg values was observed (2–3%). Forb
content increased LI more than did legume content. In the
first year pasture system had little effect on LI, with only
S5 having significantly greater LI relative to CHt (Table 3,
Equations C and D). The small improvement in SDreg does
not justify the hand-separated measurement of botanical
components in the stand. For example, if a pasture had 30%
legume and 10% forbs, calculated LI would only be 0.05 units
greater than in a similar pure grass pasture.

Month and System Effects
on Light Interception
For the measurements across the 2 yr there was a month
and system effect on LI (Table 4, regressions C and D). The
second-order regression and logarithmic regression models
gave similar month and system effects. The lowest LI at a
given CHt was observed in May. Then LI increased through
the summer, with October having the greatest LI at a given
CHt. This is caused by solar elevation at solar noon being
greater in the spring than in the fall. In late June the noon
solar elevation is at its highest, with the solar radiation
beam being directed down into the canopy. In the fall the
solar elevation is lower in the sky, with the solar beam going
through the canopy at an angle, resulting in a longer path
crop, for age
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Table 2. Sample size (N), mean, standard deviation
(SD), and range of pasture canopy ruler height,
canopy plate meter compressed height, and
fractional light interception within each of the six
management systems sampled across 2 years (1333
total sample plots).
System

N

Mean

SD

Min.

Max.

Canopy ruler height
————————————— inches —————————————
S1
S2
S3
S4
S5
S6

39
574
137
404
59
120

11.8
3.8
5.5
22.0
8.5
3.6
2.5
28.1
8.1
3.6
2.8
21.3
5.4
2.5
1.6
13.2
6.8
3.3
1.9
14.3
5.7
1.9
2.2
14.4
Canopy plate meter compressed height

————————————— inches —————————————
S1
S2
S3
S4
S5
S6

39
574
137
404
59
120

S1
S2
S3
S4
S5
S6

39
574
137
404
59
120

7.2
2.3
3.4
5.2
2.2
1.6
4.9
2.2
1.7
3.3
1.5
1.0
4.2
2.0
1.2
3.5
1.2
1.4
Canopy fractional light interception
0.93
0.86
0.78
0.65
0.56
0.58

0.06
0.16
0.19
0.30
0.28
0.26

0.72
0.17
0.10
0.04
0.03
0.07

13.5
17.2
13.1
8.1
8.8
8.9
0.99
1.00
1.00
1.00
0.97
0.99

length through the canopy for a given CHt. For example, at
40° N lat on the summer solstice the solar beam has a path
length 1.05 times the pasture canopy height while on the
fall equinox the path length is 2.0 times canopy height. A
second effect is the difference in canopy morphology in the
spring, as compared with summer and fall. The lower LI in
May (greater light transmission) is partly due to the jointing of reproductive grass tillers, which increases the space
between the leaves on tillers, accompanied by more vertical leaf angles in upper leaves, both of which increase light
transmission into the canopy. The procumbent grass leaves
and more horizontal legume and forb leaves that occur in the
fall tend to increase LI.
The system effect was minor. Due to the large sample size
(N = 1247), significant differences as small as 2 to 4% LI were
measurable. In the 2-year data set, three systems had LI that
were significantly different from zero (Table 4, Regressions
C and D). Two of these systems (S5 and S6) had canopies
with low FD at low CHt and increasing FD as CHt increased
(Table 5, S5 and S6). This pattern is atypical of most coolseason pastures which have high FD low in the canopy, with
FD decreasing as CHt increases (Hodgson, 1990) as shown
by the other four systems (Table 5, S1 to S4). System S5 was
continuously stocked with variable land area available for
crop, for age

&

turfgr ass management

Fig. 1. Relation between pasture plate meter
compressed height (CHt, inches) and the fraction of
ambient light intercepted (LI) by the canopy near
ground level: for pasture clipped to measure forage
density and botanical composition in Year 1 (A) and
for all pastures measured in Years 1 and 2 (B).

grazing, with reserve land being harvested as hay then
grazed as needed. This management may have caused a
thinning of grass tillers during the hay accumulation period.
System S1, managed in much the same way, had considerable
white and red clover in the stand that may have filled in and
improved LI in the summer regrowth. System S6, smooth
bromegrass managed under rotational grazing, had a rest
interval that allowed tillers to joint in the regrowth. This produced upright tillers with leaves distributed along the culm
which would allow light to penetrate into the canopy better
than more procumbent leaves which dominate stands of vegetative tall fescue and orchardgrass. The low FD (Table 5, S6)
would result in lower LI.
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Table 3. Light interception (LI) measured in the first year expressed as second-order (A) or logarithmic (B) functions
of pasture plate meter compressed height (CHt, £8 inch) and when forage density (FD), legume (Leg), and forb (Frb)
content as continuous and system as discrete dependent variables are added (C and D, respectively).
N

Regression model
LI = −0.10 + 0.39CHt − 0.035CHt
SE‡ 0.03 0.02
0.002
LI = 0.28 + 0.41 Ln(CHt)
SE 0.02 0.01
LI = −0.42 + 0.47CHt − 0.041CHt2 + 0.00016FD + 0.21Frb + System
SE 0.03 0.02
0.002
0.00003
0.06
System coefficients:
S1 = S2 = S3 = S4 = 0.00
S5 = 0.17 ± 0.02‡
LI = 0.02 + 0.50 Ln(CHt) + 0.00016FD + 0.26Frb + 0.09Leg + System
0.03 0.01
0.00003
0.07
0.04
System coefficients:
S1 = S2 = S3 = S4 = 0.00
S5 = 0.16 ± 0.02

A

2

B
C

D

R2

SDreg†

363

0.79

0.13

363

0.76

0.14

363

0.87

0.10

363

0.83

0.12

† SDreg, standard deviation about the regression.
‡ SE, standard error.

Table 4. Light interception (LI) measured over 2 years expressed as second-order (A) or logarithmic (B)
functions of pasture plate meter compressed height (CHt, £8 inch) and when System and Month are added as
discrete dependent variables (C and D, respectively).
N

Regression model
LI = −0.29 + 0.41CHt − 0.033CHt
SE‡ 0.02 0.01
0.001
LI = 0.10 + 0.49 Ln(CHt)
SE 0.01 0.01
LI = −0.33 + 0.42CHt − 0.034CHt2 + System + Month
SE 0.02 0.01
0.001
System coefficients:
S1 = S2 = S4 = 0.00
S3 = −0.05 ± 0.01‡
S5 = −0.08 ± 0.02
S6 = −0.13 ± 0.01

A

2

B
C

D

LI = 0.06 + 0.50 Ln(CHt) + System + Month
SE 0.01 0.01
System coefficients:
S1 = S2 = S4 = 0.00
S3 = −0.03 ± 0.01
S5 = −0.07 ± 0.02
S6 = −0.11 ± 0.01

R2

SDreg†

1247

0.73

0.13

1247

0.70

0.14

1247

0.84

0.10

1247

0.82

0.11

Month coefficients:
5 = −0.08 ± 0.01
6 = 0.02 ± 0.01
7 = 0.05 ± 0.01
8 = 0.11 ± 0.01
9 = 0.12 ± 0.01
10 = 0.13 ± 0.01

Month coefficients:
5 = −0.10 ± 0.01
6 = 0.00 ± 0.01
7 = 0.05 ± 0.01
8 = 0.10 ± 0.01
9 = 0.11 ± 0.01
10 = 0.12 ± 0.01

† SDreg, standard deviation about the regression.
‡ SE, standard error.

There was a LI year effect with the first year having LI −0.02
(P < 0.05) units lower than in Year 2. However, when added
to the regression there was no improvement in R 2 or SDreg so
year was not included in the final regressions.
Forage mass in 1996 also was tested as a predictor of LI but
was not found to predict LI as well as CHt. The second-order
model of FM vs. LI had an R 2 of 0.64 and SDreg of 0.17 compared with a R 2 of 0.79 and SDreg of 0.13 for the CHt model.
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Summary
The regressions presented here represent average LI as
observed at approximately 40° N lat within a few hours of
solar noon. As latitude or time of day differs from these
conditions, LI will differ for a given canopy structure. For
locations farther south, at a given CHt, LI will decrease since
the solar angle will be more overhead; while to the north
LI should increase. At times of the day different from solar
noon LI will increase as the solar angle progresses toward
the horizon and the path length of the solar beam through
the canopy increases. However, the total amount of sunlight
crop, for age
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Table 5. Relation between canopy plate meter
compressed height (CHt, inch) and forage density
(FD, lb dry matter/acre/inch CHt) within the canopy
for the six pasture systems (P < 0.01, except for S4
where P = 0.13).

System
S1
S2
S3
S4
S5
S6

Forage density vs.
canopy plate meter
height regression
FD = 518 − 19CHt
SE‡ 63 8
FD = 738 − 50CHt
SE
25 5
FD = 1280 − 83CHt
SE
118 27
FD = 653 − 13CHt
SE
32 9
FD = 290 + 22CHt
SE
34 7
FD = 169 + 30CHt
SE
34 7

Light interception
N

R2

SDreg†

39

0.13

118

144

0.39

135

35

0.23

306

176

0.01

183

59

0.13

115

21

0.47

72

† SDreg, standard deviation about the regression.
‡ SE, standard error.

hitting an area of land will decrease due to the angle of the
solar beam to the ground spreading the light across a larger
surface area of canopy.
The quadratic regressions provided slightly greater regression R 2 and smaller SDreg values than did the regression
based on the natural logarithm. However, when using the
quadratic form the first derivative needs to be calculated to
determine where LI reaches a maximum. Using the logarithmic regressions eliminates this step, and LI can be calculated
from canopy height until LI reaches 0.95 or greater as desired
by the user.
Canopy height can be used to estimate LI in research trials
or on-farm demonstrations where LI cannot be regularly
measured (Table 6). The estimated LI can be used to evaluate
grazing management effects on plant regrowth and on light
penetration into the canopy that can affect legume establishment in overseedings, or tiller development in species that
depend on light in the lower canopy to stimulate tiller bud
formation. For example, the PAR light intensity required
by alfalfa (Medicago sativa L.) seedlings needs to be between
9.3 and 92.9 µmol ft−2 s−1 (100 and 1000 µmol m−2 s−1) for survival and for optimal growth (light compensation point vs.
light saturation, respectively) (Trott et al., 1988). If we had a
pasture interseeded with alfalfa and wanted to use grazing
height to control LI by established plants, grazing the pasture to a 4-inch vs. to 2-inch RHt (2.3-inch vs. 1.0-inch CHt)
would provide a fractional LI of 0.59 (0.41 PAR transmission) compared with 0.18 (0.82 transmission), respectively,
in September (Table 6). On an average day with PAR at 97.7
µmol ft−2 s−1 (1052 µmol m−2 s−1), plants near ground level will
have a PAR of 40.0 µmol ft−2 s−1 (431 µmol m−2 s−1) in the 4-inch
crop, for age
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Table 6. Light interception by typical cool-season,
grass–clover pastures as affected by canopy ruler or
plate meter compressed height and month at 40° N
lat, in West Virginia (using the natural logarithmic
relation between canopy height and light interception).
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Ruler Plate
height height May

June

July

Aug.

Sept.

Oct.

—— inches —— ——————— fraction of ambient light ———————
2.0
1.0
0.00
0.07
0.12
0.17
0.18
0.19
3.0
1.7
0.22
0.32
0.37
0.42
0.43
0.44
4.0
2.3
0.38
0.48
0.53
0.58
0.59
0.60
5.0
3.0
0.50
0.60
0.65
0.70
0.71
0.72
6.0
3.6
0.60
0.70
0.75
0.80
0.81
0.82
7.0
4.2
0.68
0.78
0.83
0.88
0.89
0.90
8.0
4.9
0.75
0.85
0.90
0.95
0.96
0.97
9.0
5.5
0.81
0.91
0.96
1.00
1.00
1.00
10.0
6.2
0.87
0.97
1.00
11.0

6.8

0.92

12.0

7.4

0.96

13.0

8.1

1.00

1.00

RHt pasture vs. 80.2 µmol ft−2 s−1 (863 µmol m−2 s−1) in the
2-inch RHt pasture. Thus, seedlings in the 2-inch RHt pasture
will have double the PAR compared with those in the 4-inch
RHt pasture. Understanding the effect of canopy height on
LI and the effect of canopy height and LI on management
goals will enable producers to adjust management to better
achieve defined animal and plant performance goals.
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